Objective The purpose of this study was to clarify the differences in physiological properties of the airways between asthma and COPD using an impulse oscillation system (IOS). 
Introduction

COPD is characterized by not fully reversible airflow limitation, mainly attributable to both narrowing due to airway wall remodeling and the collapsibility in expiration due to loss of alveolar attachment and elastic recoil at the site of small airways, with these two manifestations mixed in various proportions in actual COPD cases (1). Dynamic hyperinflation, which refers to temporary increases in operating lung volumes above the resting value by air-trapping, has been shown to be more closely associated with dyspnea and intolerance during exercise than with FEV1 and FEV1/ FVC (2). In addition, expiratory flow limitation during tidal breathing has been considered as a major determinant of dynamic hyperinflation and exercise limitation in COPD (3). Conversely, asthma shows reversible airflow limitations due to the constriction of airway smooth muscle, edema of the airway walls, mucous hypersecretion and increased airway inflammation (4). Some asthmatic patients, however, continue to show evidence of irreversible airflow limitation, even after aggressive treatment and the resolution of asth-matic symptoms, due to airway remodeling (5-7). The distribution of airway narrowing and the physiological mechanisms of airflow limitation may thus differ among asthma and COPD patients. However, spirometry cannot always distinguish the pathological and physiological mechanisms of airflow limitation due to asthma or COPD.
The impulse oscillation system (IOS) has been introduced into clinical practice recently. The IOS is a type of forced oscillation technique (FOT) , which can evaluate respiratory resistance and reactance at various oscillatory frequencies to determine properties not assessable by spirometry (8, 9) .
The respiratory resistance (Rrs) component of respiratory impedance (Zrs) measured by IOS is a real part of Zrs while respiratory reactance (Xrs) is an theoretical part of Zrs.
Theoretically, elastic properties of the lung are reflected in the low oscillatory frequencies of reactance, while inertial properties are dominantly reflected in the high oscillatory frequencies of reactance (10) . In obstructive lung disease, further increases in Rrs and changes of Xrs to more negative at a lower oscillatory frequency have been reported (11) . Also (9) .
The parameters of IOS which can clearly offer the distinction among the obstructive lung diseases have not been reported (16) . The purpose of this study was to examine different patterns of changes in Rrs and Xrs at lower and higher oscillatory frequencies during tidal breathing between age-matched asthma and stable COPD patients using IOS, and to clarify differences in physiological airway mechanics between these two obstructive lung diseases. (19) .
Patients and Methods
Subjects
Measurement of Respiratory Impedance by IOS
Respiratory impedance was measured using the IOS (Masterscreen IOS; Erich Jaeger, Hoechberg, Germany), which was a commercially available oscillatory system fulfilling the standard recommendations (16, 20, 21 
Results
The characteristics of subjects in the three groups are shown in Table 1 T a b l e 1 . Ch a r a c t e r i s t c s o 
) , P a t i e n t s wi t h As t h ma ( As t h ma Gr o u p ) , a n d P a t l e n t s wi t h S t a b l e COP D ( COP D Gr o u p )
T a b l e 2 . Re s p i r a t o r y I mp e d a n c e ( Z r s 5 ) , Re s i s t a n c e ( Rr s 5 ) a n d Re a c t a n c e ( Xr s 5 ) At 5 Hz Re s i s t a n c e a t 2 0 Hz ( Rr s 2 0 ) a n d Me a n Rr s 5 a n d Xr s 5 i n I n s p i r a t i o n a n d E x p i r a t i o n a mo n g He a l t h y Ne v e r S mo k e r s ( Co n t r o l Gr o u p n = 2 9 ) , P a t i e n t
s wi t h As t h ma ( As t h ma Gr o u p n = 5 2 ) , a n d P a t i e n t s wi t h S t a b l e COP D ( COP D Gr o u p n = 9 5 )
When the patients in the COPD group were classified into four subgroups of mild, moderate, severe and very severe according to GOLD guidelines (1), Rrs5 and Rrs5-Rrs20 were significantly increased and Xrs5 significantly changed to more negative values in moderate to very severe COPD, together with increases in fres in accordance with the severity of COPD, whereas no significant changes in Rrs20 were observed (Fig. 2) (Fig. 3) . These changes in asthmatics whose FEV1/FVC was <70% had a tendency to be greater, but no significant differences were observed between the two subgroups. Also, 
FEV1/FVC and FEV1 in asthmatics with normal FEV1/FVC
F i g u r e 1 . Co mp a r i s o n o f wi t h i n -b r e a t h c h a n g e s i n r e s p i r at o r y r e s i s t a n c e a t 5 -Hz f r e q u e n c y ( ∆ Rr s 5 ) a n d r e s p i r a t o r y r ea c t a n c e a t 5 -Hz f r e q u e n c y ( ∆ Xr s 5 ) a mo n g h e a l t h y n e v e rs mo k e r s , a s t h ma , a n d s t a b l e COP
F i g u r e 2 . Re s p i r a t o r y r e s i s t a n c e a t 5 -Hz f r e q u e n c y ( Rr s 5 ) a n d 2 0 -Hz f r e q u e n c y ( Rr s 2 0 ) , Rr s 5 -Rr s 2 0 , r e s p i r a t o r y r e a c t a n c e a t 5 -Hz f r e q u e n c y ( Xr s 5 ) , wi t h i n -b r e a t h c h a n g e s i n Xr s 5 ( Δ Xr s 5 ) a n d r e s o n a n t f r e q u e n c y ( f r e s ) , wh i c h i s t h e f r e q u e n c y a t wh i c h Xr s c r o s s e s z e r o , a s me a s u r e d b y a n i mp u l s e o s c i l l a t i o n s y s t e m ( I OS ) i n t h e f o u r g r o u p s o f COP D c l a s s i f i e d a c c o r d i n g t o s e v e r i t y a s d e t e r -
v s . s t a g e 2 p a t i e n t s wi t h COP D.
were significantly lower than those in controls (FEV1/FVC; 76. 6 (Fig. 4) .
Discussion
In both asthma and COPD patients, a significant increase in Rrs5 and changes in Xrs5 to more negative and an associated increase in fres were observed. These pathological and physiological changes were remarkable in accordance with the severity of COPD, as previously reported (23, 24) .
In asthma, these changes in Rrs5 and Xrs5 were also observed in asthmatics with normal FEV1/FVC ( 70%). Interestingly, the mean values of Xrs5 in expiration of tidal breathing significantly changed to a more negative value from that in inspiration in severe and very severe COPD patients, whereas no significant changes in Xrs5 between inspiration and expiration were observed in healthy neversmokers and asthma patients, even for asthma with FEV1/ FVC of <70% in spirometry. These findings suggest that IOS can detect changes in airway mechanics that cannot be found by spirometry alone in both asthma and COPD and that the large within-breath change in Xrs5, which may represent that airways easily collapse in expiration of tidal
F i g u r e 3 . Re s p i r a t o r y r e s i s t a n c e a t 5 -Hz f r e q u e n c y ( Rr s 5 ) a n d 2 0 -Hz f r e q u e n c y ( Rr s 2 0 ) , Rr s 5 -Rr s 2 0 , r e s p i r a t o r y r e a c t a n c e a t 5 -Hz f r e q u e n c y ( Xr s 5 ) , wi t h i n -b r e a t h c h a n g e s i n Xr s 5 ( ∆ Xr s 5 ) , a n d r e s o n a n t f r e q u e n c y ( f r e s ) ,
wh i c h i s t h e f r e q u e n c y a t wh i c h Xr s c r o s s e s z e r o , a s me a s u r e d b y a n i mp u l s e o s c i l l a t i o n s y s t e m ( I OS ) i n a s t h ma t i c s wh o s e F E V1 / F VC i s ≥ 7 0 % a n d wh o s e F E V1 / F VC i s < 7 0 % ( u n d e r n o t r e a t me n t wi t h b r o n c h o d i l a t o r s ) . * p < 0 . 0 5 a n d * * p < 0 . 0 1 v s . h e a l t h y n e v e r -s mo k e r s ( c o n t r o l g r o u p ) .
F i g u r e 4 . Re l a t i o n s h i p b e t we e n t h e wi t h i n -b r e a t h c h a n g e i n r e s p i r a t o r y r e a c t a n c e a t 5 Hz ( ∆ Xr s 5 ) o f o s c i l l a t o r y f r e q u e n c y a n d F E V1 ( l e f t s i d e p a n e l ) o r r e s p i r a t o r y r e s i s t a n c e a t 5 Hz o s c i l l at o r y f r e q u e n c y ( Rr s 5 ) ( r i g h t s i d e p a n e l ) i n a s t h ma t i c s wh o s e F E V1 / F VC i s < 7 0 % ( n = 2 5 ) a n d i n COP D p a t i e n t s ( n = 9 5 ) .
breath, may be an interesting finding in severe and very severe COPD patients.
Predictive equations for Rrs5, Rrs20 and Xrs5 in normal Japanese adults have been established by Shiota et al (25) and are dependent on the log of height for Rrs5 and Rrs20 and on age and log of height for Xrs5, independent of sex. Adoption of the predictive equations in the present study yielded similar results except for Rrs20. However, these predictive equations were not adopted in this study, as mean age was much lower in the reference population than in the study groups.
The (27, 28) . It has also been demonstrated that the increases in Rrs and changes of Xrs to more negative at lower oscillatory frequencies in the response to experimentally induced changes in airway obstruction proceed the fall in FEV 1 (11, 29) 
